Purpose To comparatively evaluate the efficacy of a pencil type wire twister and the normal wire twister in terms of various parameters during arch bars application. Method The study involved residents of the department enrolled in MDS course. Two study groups of 60 patients each were made by randomly selecting the patients from the outpatient department of Oral and Maxillofacial surgery who required arch bar application. Group A included the patients who underwent upper and lower arch bar application with the use of a pencil type twister and group B included patients who underwent arch bar application with a normal wire twister. All respondents were given a questionnaire after the completion of procedure involving the use of medical sharps. The paired samples t test was used for statistical analysis. Result Among group A, mean glove perforations, actual wire stick injuries, mean time taken to complete the procedure, mean wire breakage during the procedure was less than in group B. Comfort level of patients and Ease of operator while performing the procedure was more in group A than in group B. Frictional abrasion of the finger was not associated with the use of pencil type twister. Overall rating of the procedure was more in group A than group B.
Introduction
Avoiding penetrating injuries remains a vital aspect of protecting the surgeon against exposure to blood borne diseases. Percutaneous injury is an occupational hazard for surgeons and other health care workers engaged in surgical procedures. Percutaneous injury may occur in up to 21 % of operations [1] . According to the Centre for Disease Control and Prevention (CDC), Department of Health and Human Services, USA, in March 2001, it was estimated that 0.6-0.8 million needle stick injuries (NSI) and other percutaneous injuries occur annually among healthcare workers [2] . However the incidence of surgical glove perforation during the treatment of some maxillofacial fractures may be as high as 50 % with over 90 % going unnoticed at the time of operation [3] . The use of an Erich bar for intermaxillary fixation, a common procedure in oral and maxillofacial surgery, carries a significant risk of perforation and other accidents due to rough edges of bars and stainless steel wires used for placement. According to Bali et al. [4] . the needle stick injury rate during intermaxillary fixation is 23.25 %.
According to Gaujac et al. [5] , residents working on patients who had to undergo intermaxillary fixation and other wiring techniques along with open reduction internal fixation were at maximum risk of receiving glove perforations (GP) and NSI or wire stick injuries (WSI) . No barriers can eliminate the risk of blood borne pathogen transmission from percutaneous injuries and the need for changes in high risk surgical techniques is obvious [6, 7] . It is becoming a common practice for some surgeons to reduce mandibular fractures manually and avoid use of IMF altogether without any compromise in surgical outcome [8] . This is more economical in time and cost, safer for surgical team and more comfortable for patient [9, 10] . But has few limitations like we cannot perform this procedure in pathological and communicated fractures, multiple fractures, patients who are not fit for GA, associated fractures of maxillary bone, condylar fractures.
The first and most important aspect of surgical correction of mandibular fractures is to reduce the fracture properly. In the tooth-bearing bones, it is of utmost importance to place the teeth in a pre-injury, occlusal relationship [10] . To establish a proper occlusal relationship, several techniques have been described, generally referred to as intermaxilary fixation (IMF) [11] . Various wiring techniques are available for closed reduction of mandibular fractures like Gilmer's wiring [12] , Col stout wiring [13] , Obwegeser wiring [14] , kazanjian buttons [15] , eyelet's and arch bars [16] .
Arch bar has been used as main stay for management of maxillomandibular injury since World War I. Arch bars have the advantage that, after a reasonable period of total immobilization, the mandible can be released, provided that the fracture line lies within the area of the teeth fixed to the arch bar and the fixation remains rigid. The arch bar is fixed by passing 0.4-mm (although some surgeons prefer 0.5-mm wires, especially for the posterior segments) stainless steel wire ligatures around the neck of each available tooth (keeping the wires below the greater circumference of the teeth by pressing the wire apically with the aid of an assistant holding an instrument like the Luniatschek while tightening the wire). The wires are twisted tightly with the wire twister to anchor the bar to the dental arch [10] . The arch bar is left in situ for a normal period of time. Arch bars may also be used for the fixation of subluxated teeth, once these teeth have been repositioned, with a similar technique. Prefabricated arch bars are available commercially, the most popular of which is the Erich arch bar. These arch bars are made of a relatively soft metal, which can be molded and adapted to the dental arch. IMF is obtained by placing orthodontic elastic bands or wires between the hooks of the upper and lower arches.
General indications [10] :
• When insufficient teeth remain to allow efficient eyelet wiring.
• When the teeth present are so distributed that efficient IMF is otherwise impossible.
• When there are simple dentoalveolar fractures or where multiple tooth-bearing fragments in either jaw require reduction into an arch form, before IMF is applied.
• As an integral part of internal skeletal suspension in the treatment of fractures involving the middle third of the facial skeleton.
• To reduce the preoperative time that would otherwise be required for cap splint preparation.
During IMF procedures, especially with wire placement, there is an increased risk of prick accidents. Handling of sharp instruments like wires heightens the risk of glove perforation so drastically that often, perforations can be found within a few minutes after the start of surgery. The arch bar technique (with its above mentioned advantages) has been in use for long period and its use should not be discontinued just because of the risk of penetrating injury resulting in significant exposure rather one should alter the methods of wire usage and application for example some other methods like orthodontic brackets [11] , bracket bars bonded to teeth [11] , Dimac wires [17] , Rapid IMF [8] etc. to prevent penetrating injuries.
In the perusal of finding an alternate method of application of arch bars and also with a mind set of not losing the advantages of arch bars in treatment of fractures, we have come across a pencil type wire twister intended to be used for wiring procedures which is commercially available since 3-4 years in the Indian market but has not been patented or found mentioned in literature worldwide.
Methods
A comparative prospective study was designed to evaluate two different methods of arch bar application in the Department of Oral and Maxillofacial Surgery of our institute.
Respondents were post graduate students in the Department of Oral and Maxillofacial Surgery. The study involved 3 MDS 3rd year residents of the department. Study was carried out for 15 months from Jan 2011 to April 2012. Two study groups were made by randomly selecting the patients from the outpatient department of Oral and Maxillofacial Surgery who required arch bar application. Each group consisted of 60 patients. Patients of both the groups were given sedation preoperatively. Group A included the patients who underwent upper and lower arch bar application with the use of a pencil type twister and group B included patients who underwent upper and lower arch bar application with a normal wire twister. A cardiac monitor was attached for recording BP and heart rate in both the groups as required for comfort scale. All respondents were given a questionnaire after the completion of procedure involving the use of medical sharps.
The survey asked about:
1. The paired samples t test was used for statistical analysis.
Evaluation of glove perforation was done by filling the used glove after the procedure with water and the glove perforations were checked by water flowing out through the punctured gloves [19] .
Penetrating injuries were evaluated by number of pricks sustained by the surgeon and the assistant.
Questionnaire was deposited in a sealed envelope by every resident performing the procedure.
The use of comfort scale has not yet been reported in the dental literature. This scale enabled us to evaluate the efficacy of pencil type wire twister accurately in comparison with the use of normal wire twister for application of wires in terms of comfort and ease of patient during the procedure.
The COMFORT Scale is a pain scale that may be used by a healthcare provider when a person cannot describe or rate their pain. Some of the common populations this scale might be used with include:
• children • cognitively impaired adults • adults whose cognition is temporarily impaired, by medication or illness • the learning disabled • sedated patients in an ICU or operating room setting
The COMFORT Scale provides a pain rating between 9 and 45. Less the score more comfortable the patient will be. Various parameters are rated based on the scoring provided in the scale and combination of all parameters gives the final comfort score.
Observations and Results

Total number of patients
Group A-60 (Pencil Type Twister) Group B-60 (Normal wire Twister)
The total number of glove perforations was 241 in group A and 456 glove perforations in group B.
The Mean glove perforations with pencil type wire twister was 4.01 ± 1.08 and with normal wire twister was 7.6 ± 1.70 which is statistically significant (0.001) (Fig. 1) Actual WSIs in group A was 0.11 ± 0.66 and in group B it was 0.32 ± 0.466 which is statistically significant (p = 0.000) (Fig. 2) . Mean time taken to complete the procedure (upper and lower arch bars application) by using pencil type twister (group A) was 85.75 ± 8.25 min with normal wire twister (group B) it was 104.06 ± 02 min which is again statistically significant (0.001) (Fig. 3) .
Comfort level of patients in group A was 19.50 ± 1.026 and in group B was 24.06 ± 1.728 which is also significant (0.001) (Figs. 4, 5) .
Ease of operator was described in terms of how comfortable the patient was while performing the procedure and was scored as fair, good and excellent, which were given scores of 1, 2 and 3 respectively for the purpose of statistical evaluation. Ease of operator while performing the procedure with pencil wire twister (group A) was 2.23 ± 0.53 and with normal twister (group B) it was 1.06 ± 0.69 which is statistically significant (0.000) (Fig. 6) .
Frictional abrasion was not associated with the use of pencil type twister (group A) but while using normal wire twister (group B) it was present in 40 patients which is also statistically significant (0.00) (Fig. 7) . Mean wire breakage during the procedure while applying arch bar with pencil type twister (group A) was 0.515 ± 0.351 and with normal twister (group B) it was 4.08 ± 1.024 which is again statistically significant (0.001) (Fig. 13) .
Actual event of injury for glove perforation with pencil type wire twister (group A) at the time of passing the wire interdentally was 50/241 (20.74 %), while retrieving wire it was 22/241 (9.11 %), while twisting the wires it was 73/241 (30.29 %) and feeding the wire into the twister it was 96/241 (39.8 %).
Actual event of injury for glove perforation with normal wire twister (group B) at the time of passing it interdentally was 115/456 (25.21 %), while retrieving wire interdentally it was 80/456 (17.5 %), it was 110/456 (24.12 %) while feeding the wires into the twister and 151/456 (33.11 %) while twisting the wires (Fig. 14) .
Actual event of WSI with the use of a pencil type wire twister (group A) was 3/7 (42.8 %) while passing the wire interdentally and 4/7 (57.14 %) while feeding the wire into the twister and while using a normal wire twister (group B), it was 9/19 (47.3 %) while passing the wire interdentally, 3/19 (15.7 %) while retrieving the wires, 4/19 (21.05 %) at the time of feeding and 3/19 (15.7 %) while twisting the wires (Fig. 15) .
While overall rating of the procedure was based on the collective data from all the parameters described above and a scoring of fair, good and excellent, which were given a score of 1, 2 & 3 respectively for the purpose of statistical evaluation, it was observed that pencil type twister (group A) had a score of 3.05 ± 0.579 and in normal wire twister (group B) it was 1.90 ± 0.204 which is statistically significant (0.000).
Discussion
The above mentioned advantages of arch bars for the treatment of maxillomandibular injuries have been established since years but now a days the high risk of penetrating injuries is making the operators unwilling to continue the treatment with this technique. A number of IMF methods have been suggested as an alternative to the conventional Erich arch bars, in order to decrease the operation time and lower the risk of wire-stick injury. These include: orthodontic brackets, bracket bars bonded to the teeth, adhesive cast and thermoforming splints, buttons or beads and wires, single wires through the contact points of the premolars, intermaxillary screws, Dimac wires and rapid IMF. Intermaxillary screws are quick to insert and carry fewer risks of injury to the operator, but there is potential for tooth and nerve injuries, infections and screw fracture within bone [8] . All screws can cause glove perforations and percutaneous injuries. Dimac wires are quick to apply and are safer than arch bars but there is still a possibility of skin-penetrating injury [17] . Orthodontic elastic chain may be used for IMF [20] . Rapid IMF is no doubt a safe method of IMF and does not use any wires and may provide better cross infection control than other wiring methods but its availability, cost factor and early loosening of the device are various disadvantages associated with it and is still under development with a pending FDA approval. No barriers can eliminate the risk of percutaneous injuries and the need for changes in high-risk surgical techniques is obvious. Most surgeons who treat mandibular fractures with small plate osteosynthesis still use IMF as a method of fracture reduction, for historical reasons, in the belief that this is essential to achieve a normal occlusion. This has particular importance for maxillofacial surgeons because glove perforations and percutaneous injuries occur commonly with wire sticks during reduction and fixation of facial fractures. Devices, such as IMF, thus must be avoided or modified. In evaluating the safety of a surgical technique the most important aspect is the number of percutaneous injuries. We came across a pencil type wire twister for wire application to reduce the risk of penetrating injuries. Though this twister is commercially available since years, but its use and efficacy have yet not been described in any dental literature. We conducted a comparative study for various parameters to evaluate the efficacy of pencil type wire twister.
A glove perforation (GP) is defined as a ''breech in the sterile barrier'' and has been shown to be a risk-factor for infection [21] . Based on the glove perforated it is divided into inner and outer glove perforations.
Mean glove perforations with pencil type wire twister (group A) was (4.01 ± 1.08) and with normal wire twister (group B) it was (7.6 ± 1.70) which is statistically significant (p = 0.001) and is approximately half the number of glove perforations sustained by using normal wire twister.
A needle stick injury (NSI) or wire stick injury (WSI) is defined as ''the par literal introduction into the body of a health-care worker, during the performance of his other duties, of blood or other potentially infectious material by a hollow-bore needle or sharp instrument, including but not limited to needles, lancets, scalpels and contaminated broken glass'' [22] . They are divided into superficial and deep NSI.
In the present study the number of glove perforations and WSI were evaluated in total without segregating the GP into outer and inner GP and even WSIs were not divided into superficial and deep.
Actual WSIs in pencil type twister (group A) group was 0.11 ± 0.66 and that in normal wire twister (group B) group it was 0.32 ± 0.466 which are close to the study figures of Bali et al. [4] having 23.25 % incidence of wire stick injury which is also statistically significant (p = 0.000).
Although time is not a factor to judge the superiority of one technique/one instrument over the other but it gives a reflection of the overall comfort throughout the procedure. Mean time taken to complete the procedure by using pencil type twister (group A) was 85.75 ± 8.25 min and with normal wire twister (group B) was 104.06 ± 21.67 min which is again statistically significant (p = 0.001). Lesser the time taken lesser will be the chances of sustaining percutaneous injuries as the operator can complete the procedure more efficiently.
Comfort level of the patients is an important factor while performing any of the procedures. It has a very important role in reducing WSIs as more the comfort level of the patients less will be the physical movements of the patients, more calm and relaxed the patients will be, leading to reduction in chances of receiving a wire stick injury. Comfort level of patients in group A was 19.50 ± 1.026 and in group B it was 24.06 ± 1.728 which is also significant (p = 0.001). It was measured by a comfort scale which has not yet been taken into consideration in dental literature in any of the dental procedures.
Ease of operator while performing the procedure allows the operator to work more efficiently. Like the comfort level of the patient, ease of operator plays an equivalent important role in reducing the number of percutaneous injuries. With pencil wire twister (group A) it was 2.23 ± 0.53 and with normal twister (group B) it was 1.06 ± 0.69 which was statistically significant (p = 0.000).
With the above results it can be concluded that the comfort level of patients and ease of operator are inversely proportional to the number of WSIs.
Frictional abrasion is the abrasion of the superficial skin especially at the junction of palmer and dorsal surface of the middle phalange and the thumb due to continuous friction between the instrument and the fingers used for performing the procedure. It is the most common problem associated with wiring procedures. It is painful and hampers the routine procedures of the operator in dental practice for next 3-4 days. More the number of procedures done, consecutively more will be the severity of abrasion. Most commonly it occurs to the junction of palmar and dorsal surface of middle finger and thumb of the dominant hand while performing wiring procedures with normal wire twister (Fig. 8) . It was not associated with the use of pencil type twister (group A) because of the use of pulp of the fingers and the movement is rotational rather than using the middle finger and thumb with a jerky movement by the wrist to tighten the wires. While using normal wire twister (group B) frictional abrasion was present in 40 patients which is also statistically significant too (p = 0.00) (Figs. 9-12 ).
Wire breakage is associated with all the wiring procedures during its application. More the chances of breakage of wire, more will be the time consumed to complete the procedure leading to reduced efficiency of the operator and decreased patient comfort which ultimately can lead to increased risk of WSIs. Mean wire breakage during the procedure while applying arch bar with pencil type twister (group A) was 0.51 ± 0.351 and with normal twister (group B) it was 4.08 ± 1.024 which is again statistically significant (p = 0.001) (Fig. 13) . Actual event of injury with pencil type wire twister (group A) for glove perforation was maximum while feeding the wire into the twister 96/241 (39.83 %).
Actual event of injury with normal wire twister (group B) for glove perforation was maximum while twisting the wires 151/456 (33.11 %) (Fig. 14) .
Actual event of wire stick injury with pencil type wire twister (group A) was maximum while feeding the wire into the twister 4/7 (57.14 %).
Actual event of wire stick in normal wire twister (group B) was maximum while passing the wire interdentally 9/19 (47.3 %) (Fig. 15) .
With the above results it can be concluded that while using a pencil type twister the operator has to be more careful while feeding the wires into the twister.
While overall rating of the procedure was done by evaluating all the above mentioned parameters. It was observed that pencil type twister (group A) had a score of 3.05 ± 0.579 and with normal wire twister (group B) the score was 1.90 ± 0.204 which was significant (p = 0.00).
The use of normal wire twisters is known worldwide for the application of wires. The common problems encountered with the use of this wire twister is frictional abrasion, discomfort to the patient with the jerky movements of the wrist, wire breakage leading to increase in operating time and discomfort of the patient in turn increasing the risk of penetrating injuries. The use of normal wire twister cannot be abolished in toto as the procedure of using pencil type wire twister involves the use of normal twister till the step of wire retrieval. The pencil type twister is used for final twisting of wire around the tooth. Interpretations 1. The use of pencil type wire twister helps in decreasing the operation time, increasing the operator's efficiency, patient comfort and overall efficacy of the procedure. 2. The number of glove perforations though came out to be significantly reduced in a pencil type twister but still the number of glove perforations are not eliminated, though the use of double gloving practice keeps the operator protected against the transmission of blood borne viruses. 3. The number of WSIs was decreased in a pencil type twister but the operator needs to be careful while feeding the wires into the twister as maximum number of injuries and glove perforations were observed at the time of feeding the wires. 4. The incidences of wire breakage were significantly reduced by use of a pencil type twister where the frictional abrasion to the finger was totally abolished because of the use of pulp of the fingers rather than the junction of dorsal and palmar surface of middle phalange of middle finger and thumb. 5. Ease of operator and comfort level of the patient are inversely proportional to the number of WSIs. With the use of pencil type wire twister the score of comfort scale was less resulting in ease of operator in return.
6. The use of comfort scale is a reliable and helpful parameter to evaluate the comfort of the patient. The score came out to be less in the pencil type twister group as compared to normal twister depicting more comfort of the patient. This new method of arch bar application emphasises that the time tested use of arch bars should not be absolved but the method of their application can be modified. However, a large sample size is required for more established results.
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